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PRELIMINARY AMENDMENT 



BOX: PCT 

Connnissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Prior to calculation of the filing fee and before examination, kindly amend the above 
captioned application as follows: 



IN THE SPECIFICATION: 



Page 1, between the title and the first line of text, insert the following heading: 
BACKGROUND OF THE INVENTION 



Page 3, at line 11, insert the following heading: 

- SUMMARY OF THE INVENTION --. 
Page 4, at line 10, insert the following heading: 

- BRIEF DESCRIPTION OF THE DRAWINGS 
Page 65 before line 1, insert the following heading: 

- DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS --. 

IN THE CLAIMS : 

Page 16, change the subtitle " CLAIMS " to - 1 CLAIM 
Please cancel claims 1-17, without prejudice. 
Please add the following new claims: 

18. A camera, comprising: a sensor for receiving radiation representative of a 
scene; filter means for attenuating the radiation reaching different spatial regions of the sensor to 
different extents; and decoding means for combining contributions to an output of the sensor from 
the different spatial regions, to produce a camera output of extended dynamic range. 

19. The camera as claimed in claim 18, in which the sensor is operative for 
producing the output representative of lines of an image of the scene, and in which the filter means 
comprises stripes orientated so that lines of the stripes are inclined to the lines of the image. 

20. The camera as claimed in claim 19, in which the stripes are inclined at an 
angle within a range of ± 45° to ± 80° to the lines of the image. 



21.. The camera as claimed in claim 20, in which the stripes are at approximately 
±45° to the lines of the image. 

22. The camera as claimed in claim 19, in which the stripes are neutral density 

stripes. 

23. The camera as claimed in claim 19, in which the stripes are opaque. 

24. The camera as claimed in claim 1 9, in which the stripes are colored. 

25. The camera as claimed in claim 1 9, in which regions between the stripes are 

polarizing. 

26. The camera as claimed in claim 1 9, in which regions between the stripes are 

transparent. 

27. The camera as claimed in claim 19, in which there is a plurality of sets of 
stripes, each having different attenuating properties and being inclined at different angles to the lines 
of the image. 

28 . The camera as claimed in claim 1 9, in which the decoding means is operative 
for combining successive lines of the image to reinforce the image and cancel the contributions to 
an intensity of the stripes. 

29. The camera as claimed in claim 1 9, in which the decoding means is operative 
for combining successive lines of the image to cancel the contributions to an intensity of the image 
and reinforce an intensity of the stripes. 

30. The camera as claimed in claim 28, in which the decoding means comprises 
at least one comb filter. 



3 1 . The camera as claimed in claim 1 8, in which the sensor is a charge coupled 

device. 

32. The camera as claimed in claim 18, in which the sensor includes an image 

intensifier. 

33. A camera, comprising: a sensor for receiving radiation representative of a 
scene; filter means for attenuating the radiation reaching different spatial regions of the sensor to 
different extents; and decoding means for combining contributions to an output of the sensor from 
the different spatial regions, to produce a camera output of expanded contrast. 

IN THE ABSTRACT : 

Delete the "Abstract" on the PCT cover sheet and replace it with the "Abstract of the 
Disclosure" set forth on a separate sheet attached hereto. 

REMARKS 

Headings have been added to the specification; an abstract has been provided on a 

separate sheet; and the claims have been amended to conform to U.S. practice. 

Wherefore, an early action on the merits is earnestly solicited. 

Respectfully submitted, 

KIRSCHSTEIN, OTTINGER, ISRAEL & SCHIFFMILLER, P.C. 
Attomeys for Applicant(s) 
489 Fifth Avenue 

New York, New York 10017-6105 
Tel: (212)697-3750 
Fax: (212)949^690 




Alan Israel 
Registration Nd/ 27,564 



ABSTRACT OF THE DISCLOSURE 

A camera comprises a sensor such as a CCD or ICCD for receiving radiation 
representative of a scene, a filter such as an arrangement of parallel neutral density stripes, arranged 
to attenuate the radiation reaching the sensor, and decoding electronics such as comb filters which 
decode the encoded video output of the sensor, to produce a compressed video image, from which 
the pattern of the filter has been removed. - 
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1 

CAMERAS 



This mvention relates to cameras. 



Tlie mv^iBnon is especially concerned with the dynamic range of such cameras. 

5 TV cameras siicb as TV broadcast cameras, CCTV, domestic video cameras, are 
provided wit±L various servo tnechaoisms to enable satisfactory video signals to be 
produced from the icoaging device, usually a CXD sensor, from a wide range of scene 
lEuminations. The most common servo mechanisni is an auto-iiis» and in fact these can 
cope with a lai^e dynamic range, pardcuiarly if a transparent plate witii an attenuating 

10 region or regions in the iiis plane, denotesd a spotted iris, are einployed. The tendency 
has howevt^ been for the dynamic range "between different scene flixitainiai:i.cns (inter- 
scene) to be dealt with by electronic shuttering. This ineaDis that in scenes of lower 
iHmmDation, the COO or odief sensor is exposed for a full field of 20 millisaconds (ins) 
but withliigher illuamiation the imager is gated so as to be exposed for perhaps only 2 

1 5 microseconds (/z s) , 

Variations of illumination v/ithin & scene (intra-scene) present more problems. In a 
scene in which part is brightly illuxninated and part is m shadow, if the region of 
shadow is of intemst, then^ if this signal is to occupy the full dynanaic range of the 
20 capoera then the signals corresponding to the brightly iHuininated region would greatly 
exceed the dynamic range of the camera, and thCTefore must eitiier be clipped at peak 
level. Thereby discarding die detail in the bright region^ or cQropnessed, thereby greatly 

n9/9?i/ni wT7n ofi-dn tty/rx no 78oni 
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reducing the detafis in the dark regioix 



A nudti-exposare tei^que has been demonstrated to overcome this probkm (e.g. WO- 
A-94/1880i). CCD sensors may he gated to take two Kcposures of the same scene with 
5 diSerent seositiviries e.g. 100: 1 ratio. For exatcple, altemace fields could be gated at 20 
ms and 200 ^ts. Combining these two fields produces a coirpressed picture, Hiis 
technique is nsed for exaiBpIe when hroadcasting sports ewnts in which the action iiKJves 
between one part of the ground in full simiight and another part in shadow, 

10 A drawback however is that the vertical resolution and temporal resoluiion are reduced 
with this technique. 



Intra-scene dynamic ranges are of course decreased if the CCD sensor is used in 
conjunction with an image intensifier (ICCD), since the noise level is now increased. In 
15 this case, imaging of scenes illmninated by starlight would be possible. Such aa ICCD 
sensor has been disclosed in otir patent application no. GB-A-2 318 012, in which 
coionred stripes were placed in front of the image intepsifier, and ptocessiag elecironics 
were used, to enable a monochrome sensor to produce a colour image, 



20 If the double gating technique was extended to ICCDs as well as CCDs, there would be 

I 
I 

iTTTTirTtti ry nj^ about how fast the two exposures could be aitemaied. For example, if it was 
decided to expose twice wi±an a feld to redxice loss of vertical resolution, this nnght not 
be possible because of phosphor lag in the image intensifier. This is because an image 
intensifier has a phLOtocathode on which aa image is fbcussei, means sncb. as a micro- 
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ctermel plate to muitiply the nmnber of electrcms generated at the photocatbode, and an 
anode on wijich the efectrons iicpinge. The anode is coated with, a phosphor to generate 
an optical image which is then picked up "by a CCD. There is a lirnitaiion as to how fast 
the mtensity of iUxuxdaarioii of the phosphor can change. 

5 

The problem of double exposure with inteaisifiers could "be solved by aa airangecoent of 
- two intensifiers aod abeam splitter passing, say, 90% iuteasiiy to one intensifiear and 10% 
to the other. However, the cost and bulk of the camera would then inc^ieasfi, and ths 
intensifier receiving the greater iucensity of iHumination would requi'C i^placeu^eat at 
10 more freqnent intervstls than the otb^-. 



The invention provider a camera comprising a sensor for receiving radiation 
repressfniative of a sceaie, filter means arranged to attenuate die radiation reaching 
diffcrem spatial regiona of the sensor to different exiceiits, and decoding means arranged 
15 to combine the contributions to the output of the sensor from the differenr regions, to 
produce an output of extended dynamic range. 



20 



The invention permits the disadvantage of reduced vertical resolution and terrporal 
resplntion to be avoided without recourse to using two nnage intensifiers. 

The attenuatirtg regions of the filter are prt^f^rably arranged in stripes, preferably non- 
parallel to the lines of the smsox, preferably inchned at around 45'' to the lines. 
Analogue comb filters are preferably Tised to decode the encoded video signal produced 



by 



xht sesisor. 
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Hie reference to filter iDeans attm\jati^ to a different ^tent iflclndes total attennauon 
(opaque), zero attenuation (tiamparemtX and any degt^ between opaque and transparoit, 
and also includes attenuation by ncutrel density, by colonr, or by polarisation. 



5 The invention also provides a can^ra corrprising a sensor for receiving radiation 
representative of a scefne, filter means arranged to attenuate the radiation readfaiog 
dffi^nt spatial legions of the sensor to difie^ent extents, and decoding means arranged 
to corabiDe the conCfibudons to the output of ihe sensor firom the different regions, to 
produce an output of expanded contrast 

10 

Cameras constructed in accordance with the invention will no^ be described in detail, 
by way of exang^le, with reference to the acconipanying drawings, .in which: 

Figure 1 reporesents a subject it is desired to image, in wMcli the subject has full contrasi: 
15 and there are no highlights; 



Figure 2 represents a scene which is actcally to be inaaged, wherein hi^iKgbts present 
reduce tije contrast on the subject to a low level; 

20 Figure 3 represents a low sensitivity image of the scene of Figinre 2; 



Fi5ure -4 represents a high sensttrvky image of the scene of Figure 2 \ 



Figure 5 repres^ts a combinadon of the iooages of Figure 3 and 4; 
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Figure 6 is a block diagram of the camera; 



PCT/GB99/01594 



Figiire 7 reprejseiits a typical Bae of encoded video signal; 
5 Figure 8 represents an optical filter bearing a stripe pattern overlying the sensor of the 

Figure 9 shows a filler to extract the peak level of the encoded video without the 
influence of the stripes; 

10 

Figiire 10 shows a filter to eT^tract a sigaal repaiesentative only of rhe stripes from the 
encoded video sigEal; 

Figure 1 1 shows a. circuit for demodulating tt^ output representative of the stripe pattern; 

15 

Figure 12 is a block circuit diagram of the decode electronicis to prodtice a coix^ressed 
video signal; and 

Figure 13 shows a portioB of the sensor of the camera showing a ntoooSber of lines of the 
2Q sensor on which are superinjposed the image of che optical filter together with a 
representation of the hrightaeas variation puroduced on the video signal by the stripe 

pattern, any distortion of the ioaage intCTsijfier being ignored. 

I 
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Referring to Figures 1 lo 5, the aim is lo produce a bigh coiitrajst image of a subject I 
(Figure 1)^ whsai the subject is viewed in the pr^ence of a brighi. light 2, which has the 
effect of reducing the contrast on the subject to a very low levaL This is achieved by 
xmagiug the scene at two different seaasitivities. Thus, a senaitivity image (Figure 3) 
5 is produced, as ^vell as a high sensitivity image (Figure 4)> and the two are combined to 
produce a compressed inaage, wh5ch ^ows a fuD range of contrast in the subjectj but 
which nevertheless shows detail in the light as welL 

in accordance with the invention, th& images of different sensitivities are produced 
10 simultan^eously by means of an optical filter (Figures 8 and 13) which attenuates the 
radiation reaching various spatial regions of a sen$or Thus, referring to Figure 6, tbe TV 
camera of the invention con^mses a lens 3 arranged to image a scen^ onto tbe koage 
plane of an ICCD, at which the stripes of m optical filter 4 in contact with the ICCD, are 
in focus. Electrical circuit 6 processes the output of the ICXD, ^vhich is a video signal 
15 which simultaneousiy oontainB a low sensitivity and a high sensitjvicy representation of 
tbe scene being viewed. This encoded video signal is decoded in Decode Electronics 7 
to produce a compressed image as in Figure 5, 

Referring to Figures B and 13, the stripes ar& inclined and of such an density as to 
20 attenuate the iacident radiation to 1 % of incident intensity. Tte filter is clear between the 
stripes allowing 100% of incoming radiation through. 

I 

It will be appieciated that if the camera was iaiaged on a scene of imiform intensity, the 
video signal for each hue would consist of an approxiinaiely sinusoidal osciQatioii, 

i 

I 
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concsponding to tb& pitch of the stripes 8 (Figures 8 and 13) iu tlie scan direction, witli 
the envelope of the peaks of the sanmoids being level (i.e. tiie peaks having tte saixie 
aicfjlitude) corresponding to light iHmninatioa throughi ihe traBspareat regions tetwem 
the stripes 8, aod tbe envelope of the irotighs of the sinu^oi^s also being level aad 
5 cx>Tr^potidjng to l^ht tracsuoissiozi thn^tigh the stripes 8 themselves. Note thai ths video 
signal woiild have an appiioximately sinusoidal ftuctuation, as represejued ia Hgnre 13, 
' raOier than the square wave shape of the optical ffltering on the lins of the imager, 
because of filtering in the processing cjrcxiits. 



10 In the imaging of an actual scene, the envelopes of the peaks and troughs of the sinusoids 
for each line WjJl not be level The envelope of the peaks of the sinusoids (A) for any 
particular line will correspond to the variation of spatial mtesisity of the high sensitivity 
image of Pagure 4, while the envelope of the troughs of the sinusoids (B) wiU correspond 
to the variation of spatial intensity of the low sensitivity image of Rgnre 3. Thus, 

15 referring to Rgnre 2 and Figure 7, for one particular line, the part of the envelope A 
dmated by A\ cortegx^nds to a high sensitiviiy image of the subject 1 in Hgure 2 ie. as 
seen tfarou^ tbe tran^aiejit region between thya strqies, whereas the part of the envelope 
A denoted by corresponds to the image of the light as seen throng the traosparent 
regions- The envdope varies and contains details of the intensity of the subject, whSa 

20 the part of the envelope A^ is level since ii has been clipped and therefore does not 
contain any detail of the light source 2, This corresponds to the image of Figure 4. 



The part of the envelope B d^iote^d corresponds to the low fiensitivity view of the 
image 1 seen through the snipes, asad is of guch a low value as to barely be above rbe 
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noise thresibolii The part of the ©ivelope is a low seiLsitivity iiiiage of the light 2 ^ 
corresponds to fbe light imaged through the stripes 8, TWs does contain detail. This 
corresponds to the image of Hgmie 3. 

5 Tbs encoded video signal records the envelope of the peaks A and also the depth of th& 
oscinatiou (B - A), 

The decode electronics 7 is shown in more detail in Kgure 12 and consists of analogae 
comb faters 9 and 10 and dCTiodiilator 11* The optical filter 4 is imaged on the CCD 
IQ sensor, and Figure 13 shows, on an enlarged scale, a portion of the filter pattera 
superimposed on ibur lines of a field 1^ to of the CCD sensor, together with a 
representation of the anusoidal variation of rateasity produced on the hnes of the video 
signal by the itoage of the optical filler, 

15 Referring to Figure 13, the attennatiag stripes (B for '^hlack*') alternate vnth non- 
attenuating stripes (W ibr 'VhueT), but there is one niare of one son thw. the other. Such 
a situation applies in Figure 13, althongh of conrse in reality there would be many mare 
pairs of attennanng audnon-attenuatiog stripes. The reascm for the extra stripe is so that 
the intensity nDOdnlarion in^jressed on, say, line wiH follow on continnously from 

20 that jocopressed on line L.^. In the example siKswn, the last section of Bne is non- 
attenuating, so the first section of Bne ifl attrnmring. 



The 



sensor operates m a progres^ve scan mode Le. lines L^^ Lit+i, 1-^+2* 



consecutive and rhere is no interlacing. 
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The ciacxjde a}£cttoo6c 7 operaies in xb& fbHo^ring maimer. In order to produce envelops 
A corresponding to liie brightr^s of tbe high, sesnaiiivity image but witii flie stripe partem 
raosDved, a traiisversal filter such as sn analogue comb fater 9 srtms the signals 
corresponding to adjacent lines e-g. t^, in analogue coirib filter 9. This is achieved 
by adder 12 ^which sions the input directly received via link 14 and received via delay 13 
which cciresponds to one TV line (64usy Referring to Hgure 13, since the stripe pattern 
is in anti-phase on adjacent lines, the attenuation produced by this cancels, leaving only 
the brightness variation representaitlva of the scene, which is reinforced since two lines 
are added. The ontpnt of comb fiflt^ 9 is thus output 2 A. 

The reason why the sxnp& pattern intensity is in anti-phase on successive lines is that the 
stripe pattern is inclined at 45* to the lines^ and successive lixies are spaced by half the 
wavelength of the stripe pattem- 



15 In order to produce an output represenimg the difference between the mpdnlaiion 
envelopes A and B, ie. |A - Bl, a transversal filter such OS the corob falter in Figure 10 
subtracts adjacent fines e.g. 1^3. ^ remove the overall braghtness level of the scene 
whilst reinforcing the siuasoidal ferm of the stripe intensity modulation. Adjacent lines 
ar& subtracted at subtractor 15 by means of direct link 17 and delay 16 coixesponiJiiig to 

20 one TV line (64//S). The output of tids filter is the modniation corresponding to the depth 
of jEnodidaiion of the ^usoids of the stripe pact^ ie. jA - B|. This signal is 
dCTBDdulated in diode detector 11 consisting of diode IS and RC smoothing circuit 19. 
20. 
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These two signals are coEobijjed at subtrflctor 21 (Rgure 12). Since the output Of the 
comb filter 9 is doiibte the intCTisity of the scene, tije resulting output from the decode 
electronic is the summation of the two envelopes A and B ie- the required conqjregsed 

The seaskivity loss of having aoly half sensor area fully sensitive i$ partly restored 
by the comb filtering b^iefits of noise Le. 3db for single conib filter^ 4-8db for a double 
filter. 



10 Inaproved resolution can be obtained by the use of a third delay line 22 (delay 

shown dottfid^ the output of 'wMch is dsnpdulaied by a demodnlaxor similar to that shown 
inHgure 11 but shown symbolic^y by diode 23. As fin exarq)le, consider the- anival of 
lineL^2 ^ ^P**^ comb filter 10, At the subtracter 15, line is subtracted &0111 
it. The amplitude of the stripe pattern modtdation is increased. At the diode 11, only 

IS positive half cycles axe passed Le- the first, the third etc. Ac the same time, diode 23 is 
paasiDg the positive cycles of the difiBerence between lines L^^j and L^, this time only the 
second, fonrfhetc- half cycles. Thus, agn^l A-B is xepresented -with, increased resolution 
by cQTUfbinrng signal A-B from diode detector 1 1 with Signal (A-E)' from diode detector 
23, sp that there is agnal present on each half cycle. Whereas the resolation of the low 

20 sensiciviiy signal A - E has a bandwidth of approximately T8MHz. (the stripe pattern 
having a resolution of 3,5MH2), addition, of the delayed stripe pattern (A - B)' gives a 
resolution of 3.5MHz. 

i 
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With a typical CCD amy of 600 x 600 fwxejs, the filter may consist of 300 neutral 
density suipes alternating wifli transparent re^ons of the same width the stripes^ 
subjecc to there being oiie UQOie or less neutral density than txaxisparent stripe across the 
length of each line. The stripes are arranged ai the image pl^e of tb& ICCD In such a 
S way fbat when tt^ar shadow is cast on the CCD array, tiie stripes are orientated at 45 ' to 
the teijes of the CCD fiiray L^etc. It is criiical that the lines are aligned with eacli other 
-for the purposes of the cowt filters, but mannfactuiing toleiances mean that the strips 
will not be arrangetJ at exactly 45** to thp lines of the CCD, xriannfactnring tolerances 
might also dictate that thare are slightly rrorc or less than 300 stripes crossing die top or 
10 sides of the CCD eixay, andttoe noay also be slight uncertainties in the crystal freqneticy 
of the canDera which is nsed to geasrate thfe line frequencies etc. It is for this reason that, 
during xnannfactore, the detey iiues 13, 16 and 22 are trimmed in oixier to get an exact 
one line delay of 64//S berweeji ac^acem fines, and this can t)e done using a oscifloscope 
on the output 21. 

15 

It wiD-he appreciated tbat othfia- jnclinarions of the stripes to the JCCD Enes are possible, 
so long as they are not vertical, since ia this case there would not be a phase difference 
betweea one line and th^ liext for the stripe modidaiion paitesm, and its effects could not 
bexemov^ It wiU merely be necessary co trim the delay lines 13, 16 and 22 so that the 
20 modulation patterns of consecurive lines is in anti-phase to each other. Also, it is noi 
necessary for the stripes to alternate with equal widths of transparent areas. Other 

mark/space ratios are possible. Further, the stripe filter need not be positioned at the 

I 

focal plane of tiie ICCD, it may be positioned anywhere in the patii of radiation onto the 
CCD sensor e.g. using relay knses, so long as ii is in focus on the image plane and may 
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1 

ini fact be forcced directly on the CCD sensor. Further, it i$ not ja^cessary for there lo be 
tll& saw number of stripes and transparent areas as there are lines of the sensor, there 
duld be iDDie or less stxipos and alteroatirsg transparent regions than, there are Jines of ih^ 
seaisor. 

5 

In the embadixoent descaibed, the str^s oiily allow through 1% of light intensity. Of 
^x>urse, deferent densiries are possible, and. even the transparent region could be replaced 
by an attenuating region of difierent properties. In facCj opaque stripes ie. 100% 

attenuation e,g- of gjuxnimnm> could be en^loyed. Even thongh tiiese stripes allow no 

i 

10 light through at all, nevertheless there is a contribution to the output of the sensor, 
namely^ dne to noise ^ particularly generated in the image inteoiaififir but also in tlie 
CCD, This noise signal provides a black level reference which can be subtracted from 
die contribudon to the output feomthe transparait regions, to cou^jeosate for temperature 
and l^yj noiss. 

15 

Also^ it is not necessary for the stripes to be of neutral density. They could be one 
particular colour e.g. blue, wbidi would attenuate incandescent lights which radiate a 
large amount of red light: 

20 Further, tibe stripes could be poiaiising^ arraoged to atteauate light of a particular 
polarisation^ This could be a particular advantage in reducing rcflecdOM e.g. of lighi 
from a wet road surface. 

! 

FurilherT more than one set of stripes could be provided. For example, a second set of 
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diflfereot attmuanug properties could be provided on ihe optical filter at a diiferetit angle 
10 the lines of the sensor. Indeed, further sets of liwes could be provided with difiFereat 
atienuating propexties- In particular, a eet of opaque stripes coxaid be arraogsd with a set 
of 1 % atteifliacing stripes. With one set of stripes, they conid be inclixuad to the vercic^al 
5 of the raster as seen in Figure 13 at 22** , a second set could be arranged at -22° tn the 
vertical, anda third set conW be inclined at -45'' to the vcrticaL 

Far example, a conibmation of stripes of ueutral density, coloured (e,g- dark blue) and 
opaqiae could be "used. The benefit of the iavencion (picture con^^ression and extended 
10 dynamic range) would be both spectrally and scene responsive. 

Further, one or more sets of stripes, provided to extend the dynamic range of the sensor 
in accordance with the invention, t^ould be conibinfld with coloured stripes as described 
in our earlier patent application no. 2 318 012 to produce a colour or pseudo coloux 
15 output from a monocfarotne smsor. Indeed, two sees of colonrsd stripes conld be 
provided; a first set of one attenuation to produce the colour output, and a second sei of 
greater attenuation (the saine colour but greater density) to exteod the dynamic range. 
These could be set at differ^t angles to the fijst set. 

20 Variations may be made on tiie encoding (stripe patterns) and decoding to produce the 
signals A, A - B, (A - 3y. There are benefits to be gained by using more sophisticated 
fOteriE^ in the decode electrcmics block 7. For example, double delay filters qt triple 

delay filters may be used. 

i 

1 
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The regular pitch of the str^ gjves the option of demodulation of the encoded video by 
the use of a circuit tuned to the freqvieacy of the stripes. 

In the described OTjbodiment using ICCD, the itnage mtensffier used produces a 
5 distortion of oxdy V5% at the CCD sensor. However. th$re are other image intensi&ers 
which prodiace a mich greater geometric distortion e.g. 10%, in which case the stripe 
' pattern of Figure 13 would be distorted by the image intesDsifier. Another alteniaiive 
which would be liseful this case, woxddhe for the decode electroiiics to use a memoir 
map relying on stored signals to relate the pixels of the CCD seasor lo the (distorted) 
10 stripe pattern feUiog on the CXX) sensor, for example as described in our prior paient 
appHcation no. 2 318 012, Indeed^ if a memory map was used, the attenuating regions 
of the filter could be in my arcangen^nc desired, not necessarily a stripe pattem< 

As another altemacive, it will be passible to modify the delay network to accommodate 
15 geornetry distortion by providing a voltage variable delay having as its input a signal 
related to the geometric distortion of the ICCD. Non-linear umed drcnits e,g. level 
and/or freqiiency adaptive coiiid be used e.g^ to remove a low level stripe pattercL 

The stripes may be placed ic contact with the ICCD or a relay lens may be used to projeci 
20 tiieir image onto the image plane of the ICCD. 

In The embodinsenis refeired to above, the imager is an ICCD^ The ICCD sensor 
con^irises as is well known a CCD array coupled e-g. by optical fibres to the phosphors 
on the output surfece of an image intensifler- The striped pattern may be cemented to the 
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firont surface of the intensifler, possibly using a fibsre optic coupling. Ho weaver, the 
invention is ^plicabfe also to CC!!D sensors wMch are aot iatensified Fuifher the 
inveatiOB is applicable to monochrouDe or coloxw seasors. However, ici fact a wide 
variety of imagers may be used such as a CMOS imager, a tube such a vidicon or 
5 orthicon, sexisors active in the tJV region may be used, e.g- visible near infra-red or far 
infe-ied. The invoation lias been described in rdadve to progressive scanning, but is 
also applicable to interiace scan. 

Fmtheanore the sensor may be a non^imaging sensor e.g. for an infra-red intruder alaxxXi. 
10 Or tt^ invention is applicable to optically-coupjed thennal cameras in which the tlieirnal 
signal is used to vary the imejisiiy of light on a sensor e,g- by varying the polarisjng angle 
in a transducer. 

The cameras described above are used for lagh contrast scienes where con^ression is 
15 desiral>le. Some scenes, of lesser contrast, wiU benefit from the invention as welL Very 
low contrast scenes, such as '*misty" viewing conditions, wiQ not show any benefit from 
the canxras- A stnalk c±ange to the cam^as described ^bove can accommodate very low 
contrast sceaies. When tb^ subtractor 15 in Rgure 12 is changed to be positive ie. an 
aider, the camera becounes an expander of contrast Some imaging sensors have a non- 
20 linear conpcession response Ce.g. specialiy fabricated CCD devices). H^se special 
devices could be converted to a linear response by using fee expansion iccprovement In 
fBCt, the cameras described above coidd be provided \snih a switch to enable the contrast 
expander option to be setected as desired. 

I 
f 

i 
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CL AI M S 

L A caioem conpising a sensor for iTeceiving ractiation rcpresetttauve of a scene, 
filter dfians arranged to attenuate the radiation reaching different spatial regions of the 
sensor to diSScrcnt extents, and decoding meaas arranged to conibiae the contribufioDs 
lo t!be QTitput of the sen^r from the different region, to produce an output of extended 
dynmcdc range. 

2, A camera as claimed in Qain 1, ia which the seosor is arranged to prodiice an 
output representative of lines of the ixjiage, and the filter means coir^irises stripes 
orientated so that the lines of the stripes are inclined to the lines of the image- 
s' A caEoera as clamied in Claina 2, in which the stripes are inciitted at an angle 
within the range ±(45^ to 80*) to the lines of die image. 

4. AcamemasciairDedinClaimS, are at approximately ±45"" 
to the lines of the knage. 

5, A cau^^ as claimsd in any one of Qainss 1 to 4, in which the stripes are nencral 
density stripes. 

6- A camera as claicoed in any one of Claims 1 to 4* ia which the strgses are opaque. 
7. A canoera as dbimed in any one of OakDS 1 to 4, in which the stripes are 
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coloutned. 

S, A camera as claimed in any One of Claims 1 lo 4, in which the sttipes are 
polarising - 

9, A camera as claiirad in any ojm^ of Oaims 2 to 8, in xf/bxck the regions between 
the str^es are transpEireiit 

10, Acanieraasdainiedinanyaiie of Claims 1 to 9, ia wliich there are two orxnore 
sets of stx%>es, each have different attemiating properties, iacJmed at diffsrem angles to 
the lines of the sensor. 

11, A caitiexa as claimed iQ any DBe of Claims 1 to 10, ii] which the decodiog ineans 
is arranged to combine successive lines of fee image to reinforce the scepe and cancel the 
ccmMbution to the intensity of the stripes. 

1 12. A camera as clajjaied in ^cay one of Claims 1 to 11, in which the decoding means 
is arranged to coiribiae sncoessive lines of the mage to cancel the contribution to the 
incensiry gf the scene and reinforce that of the saipes. 

13, A camera as claimed in Oaim 11 or Claim 12, in which the decoding means 
corcprises one or inore comh filters* 

14. A cairiera as claimed in any one of Claims 1 to 13, 3n which the sensor is a CCD. 
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15, A c^riera 3s claicaed ia awy one of Claims I to 14, in which, the sensor iBcludes 
an image inten^ar, 

16. A canoera substantially a$ herein described with refereaice to and as shown in the 
accoiiipaii3dng drawiags. 



17. A camera coinprising a sensor for receiving radiation representative: of a scejje, 
fflier means itiranged to attenuate the radiatioxiTeflahJiig diflfereat spatial regions of tbe 
sensor to different extents, and decodiag means arranged co combine the conrribuiions 
to the output of the sensor from the different regions, to produce an output of expanded 
contrast 
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